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ABSTRACT 
EschericMa coil B  synthesized fl-galactosidase  and an enzyme system for v-xylose 
when exposed to lactose and xylose respectively in nitrogen-free media. The amount 
of ~-galactosidase formed in  the  absence of external  nitrogen  depended  upon  the 
nature of the medium in which  the cells had originally been grown.  Half as much of 
this  enzyme was  synthesized  without  exogenous  nitrogen  by  cells  taken  from  a 
nitrogen-rich  medium as  was formed by cells  under  favorable conditions  with an 
external supply of nitrogen. Escherichia coli B contained a pool of nitrogen compounds 
soluble in 80 per cent ethanol and made up of several ninhydrin-positive components. 
One of these was identified  chromatographically as glycine using an authentic radio- 
active sample. Another  substance behaved like sefine on the chromatograms. The 
internal  pool  of  amino  acids  and  peptides  was  large  enough  to  account  for 
the ~-galactosidase synthesized by cells exposed to lactose in a medium free of nitrogen. 
Some degree of interaction of the syntheses of the ~-galactosidase and xylose enzyme 
systems was  observed in  nitrogen-free media. This interaction produced  a  greater 
effect on the formation of fl-galactosidase  and was attributed to a limiting factor(s) 
in the internal nitrogenous pool or to a  limiting intermediate in enzyme synthesis. 
The  biosynthesis  of  enzymes by bacteria  depends  in  part  upon  a  supply 
of suitable nitrogen  compounds present in either the medium or the cells.  In 
studies on the formation of ~-galactosidase in Escherichia coli, Wainwright and 
Nevill (1), Rickenberg, Yanofsky, and Bonnet (2), and Cohn and Torriani (3) 
failed to obtain this enzyme in the absence of exogenous nitrogen. On the other 
hand, the first authors and Pollock (4) observed the synthesis of nitratase and 
tetrathionase in washed cells. In the present study appreciable ~-galactosidase 
was  synthesized  in  the  absence  of  external  nitrogen  by E.  coli  taken  from 
suitable growth media. 
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Fund  for  Cancer  Research,  Inc.  Authorized  for publication  as paper No.  2293 in 
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This observation that enzyme synthesis can occur in cells of E. coli without 
an external nitrogen supply leads directly to a study of the origin of the neces- 
sary nitrogen compounds. Two major possibilities are a pool of amino acids and 
small peptides or cellular proteins. 
After the work of Taylor (5) in 1947, it was customary for a time to assume 
that E. coli and other Gram-negative organisms contain little if any nitrogen 
as free amino acids or peptides. Recently, however, Markovitz and Klein (6) 
used radioactive carbon to demonstrate both free amino acids and peptides in 
Pseudomonas  saccharophila.  Mandelstam  (7) then found a  pool of free amino 
acids in E. coli and identified them. Meanwhile Bolton, Britten, Cowie, Creaser, 
and  Roberts  (8)  also  studied  the  pools  of  amino  acids  in  both  E.  coli 
and Torulopsis utilis. These authors investigated factors influencing pool size, 
and, in addition,  they demonstrated the incorporation of the internal amino 
acids into cellular protein without the participation of proteins or polypeptides 
as intermediates. Lovtrnp (9) observed incorporation of internal amino acids 
by inducing the synthesis of O-galactosidase in the absence of external nitrogen. 
Previously Hogness,  Cohn,  and Monod  (10)  proposed that/3-galactosidase 
is synthesized de novo in E. coli from free amino acids without the participation 
of  peptides  or  proteins  as  intermediates.  Rotman  and  Spiegelman  (11)  in 
reaching this same conclusion suggested that internal amino acids played no 
part, contrary to the later work of Bolton e2 al. On the other hand, Steinberg, 
Vaughan,  and  Anfinsen  (12)  observed non-uniform  labelling  in  ovalbumin, 
insulin,  and  ribonuclease  and  interpreted this  finding  as  evidence for inter- 
mediates larger than amino acids in the mechanism of protein synthesis. Fur- 
thermore, Fox and Krampitz (13) and Rychlik and Sorm (14) showed stimula- 
tion of protein synthesis in the presence of peptides. The interactions in the 
enzyme syntheses discussed below suggest that participation of some sort of 
an internal intermediate is possible. 
Experimental Methods 
The strain of EschericMa coli B used herein was the same as that used in earlier 
work (15). Cells were transferred from agar slants to a synthetic medium and grown 
aerobically to populations of 4.8  X  l0  s organisms/ml. They were then harvested by 
centrifuging  20 minutes at 0-5°C. and at 1200 X g. They were washed once by re- 
suspending in 2.5 ml. of 0.154 ~t NaC1 and recentrifuged. The washed cells were then 
placed in one of the three following media and grown aerobically at 36°C. on a shaker 
providing 200 shaking  cycles per minute with an amplitude of 2 cm. The  initial 
inoculum  was  1.9  X  10s cells/ml.,  and the cultures were grown to about 5.0  ×  los 
cells/ml. 
The standard growth media used  were:  synthetic medium,  0.4 per cent glucose, 
0.05 per cent NaC1, 0.041 per cent MgSO4"  7 1-120 (0.02 percent MgSO4), 0.1 per cent 
NH4CI, 0.6 per cent Na~-IPO4, 0.3 per cent KH2PO4; nutrient broth, 0.8 gm of Difco 
nutrient broth and 0.5 gm. of NaC1 in 100 ml. of water; hycase medium  (adapting GEORGE  WEINBAUM  AND  M.  1L  MALLETTE  1209 
medium  (15)),  5 per cent hycase (Sheffield,  salt-free),  2.4  per cent  Difco  nutrient 
broth, 2 per cent glucose, 1 per cent r-lysine monohydrochloride. 
After growth the cells were collected by centrifuging at 1200  ×  g for 20 minutes 
and washed twice with 5 ml. of 0.154 ~  NaC1. They were next suspended in the test 
media described in the following section. 
In all eases ceils were grown in capped, sterile tubes. The population changes were 
followed turbidimetrically with a  Coleman model 14 universal spectrophotometer at 
650 m#.  The standard  curve was based on both plate and  direct microscopic cell 
counts. Growth was stopped quickly by chilling in an ice bath. 
/3-Galactosidase  activity was  estimated  by the  method of Lederberg  (16)  using 
o-nitrophenyl-/3-v-galactoside prepared  by the  method  of Seidman  and  Link  (17). 
A stock 0.005 xt solution of this reagent was prepared and kept at pI-I 7.0 in a dark 
bottle. For use it was diluted to 0.0005 x~, and 2.0 ml. was added to 5.8 ml. of 0.154 u 
NaC1.  To this substrate  system 0.20 ml. of lysed cells was added and  the mixture 
shaken for 20 minutes at 36°C. Then 2.0 ml. of 1 ~x K2CO8 was added to stop  the 
enzymatic hydrolysis and  develop  the  color of  the  o-nitroplienol  which  was  read 
against a reagent blank in the Coleman spectrophotometer at 420 rag. By comparison 
with a  standard curve based on complete hydrolysis of different known amounts of 
the  o-nitrophenyl-O-D-galactoside, the  enzyme activities  of different  cultures  were 
compared. For simplicity, activity is expressed as the optical density resulting from 
the action of the lysate of 3.3  X  10  a cells  1 except in Table II. Ceils were lysed (18) 
with T~ bacteriophage  ~ to avoid any possible permeability problems. 
Since little is known of the adaptive enzyme systems induced by xylose, the activity 
of the/~.,  cobi toward this sugar was followed by means of oxygen uptake studies using 
intact cells. For this purpose manometric changes were followed at 37°C. with a War- 
burg apparatus containing 0.5 ml. of xr/5 phosphate buffer pit 6.1,  1.30 ml. of water, 
0.5 ml. cell suspension (8.3  ×  108 ceils), and 0.20 ml. of saturated KOH in the center 
well to absorb CO2. 0.5 ml. of 0.6 per cent v-xylose was tipped in from the sidearm 
at zero time. 
For chromatography and nitrogen analysis about 5  ×  101°  cells (approximately 44 
mg. wet weight) in log phase were harvested, washed twice with water, and suspended 
in  10 ml. of 80 per cent ethanol.  2.5 gm. of superbrite  glass beads  110 (Minnesota 
Mining and Manufacturing Co.) was added and the mixture stirred in the 50 ml. cup 
of a ServaU omni-mixer at 14,000 R.r.~. and 0°C. for 3 minutes, stopped for ~4 minute, 
and stirred again for 1 minute. The solids  were collected on Whatman No. 44 filter 
paper and washed with 2 ml. of 80 per cent ethanol. The combined filtrate and wash 
liquid were evaporated to 1.0 ml. with a stream of dried, filtered air at room tempera- 
ture. 0.25 ml. of this extract was placed at the origin of washed Whatman No. 4 paper 
and  chromatographed  (19)  in  two  dimensions  using  phenol-water  and  butanol- 
propionic acid-water as the solvents. The dried chromatograms were examined at a 
wavelength of 2537 A to check for quenching of fluorescence indicative of the presence 
1 These optical densities are multiplied by 0.81  in converting them to rate values 
as ~tmoles hydrolyzed/min./mg, cells. 
2 The bacteriophage were kindly supplied in concentrated suspension by Dr. James 
L. Badow of the New York State Department of Health,  Albany, New York. 1210  ENZYME  BIOSYNTHESIS  IN  ESCHERICHIA  COIl 
of nudeotides. Afterwards the sheets were sprayed with 0.1  per cent ninhydrin in 
water containing a  little pyridine and were developed by heating 3 to 5 minutes at 
100oc. 
Total  nitrogen  was run both on the above extracts  and on whole cells  according to 
Koch and McMcekin  (20) except that 0.5 ml. of saturated ammonia-free K2S~Os 
was used  instead  of  H~O2. Color intensities  were  read with a Klett-Summerson photo- 
electric  colorimeter  using the 520 m# ~tcr and were compared with standards run 
in  each  series  of  samples.  Nitrogen was  reported  as  leucine  to  simplify  the  calculations 
of the following  section. 
Amino nitrogen  in the alcohol  extracts  was estimated by the procedure of Moore 
and Stein  (21)  using  leucine  standards (22)  at concentrations  of 1.5  and 2.0  ram. The 
TABLE  I 
Formation of ~-Galactosidase in E. coli in tke Absence of External Nitrogen 
The cells were grown in synthetic medium, washed, and shaken at 36°C. in a system 0.8 per 
cent in twice recrystallized  lactose and with the NaC1, MgSO,, and phosphate concentrations 
typical of synthetic medium.  The NH~C1 was omitted. Additional carbohydrate source  as 
indicated. Samples were assayed for $-galactosidase activity reported as the optical density 
resulting from the enzyme activity. These optical density data are multiplied by 0.81 in 
converting them to rate values as ~moles hydrolyzed/min./mg, cells. Similar results were 
obtained in other experiments with a lactose concentration of 0.01 per cent. 
Time 
mln. 
0 
3O 
60 
90 
120 
Optical density 
0.8 per cent lactose -}- 
0.005 per cent glucose 
0.009 
0.010 
O. 036 
0.051 
0.065 
0.8 per cent lactose only 
0.011 
0.11 
0.12 
0.11 
0.13 
color intensities were measured at 570  m# with a  Beckman DU spectrophotometer 
after dilution of both standards and unknowns by a factor of ten to provide a suitable 
absorbancy. 
RESULTS  AND  DISCUSSION 
E.  co//grown in synthetic medium were washed  twice and suspended in a 
medium containing lactose as an inducer for the synthesis of ~-galactosidase. 
Nitrogen  was  omitted  to  force  the  cells to  utilize their  internal  nitrogen  if 
possible. A  small amount of glucose was included in the event that an immedi- 
ately available energy source might be required for the successful use of internal 
nitrogen in enzyme synthesis. As shown in Table I  ~-galactosidase was formed 
in small but significant amounts under these conditions. Constancy of turbidity 
readings taken at the same time the samples were withdrawn for enzyme assay 
indicated that  the culture did not grow during the course of the experiment. GEORGE  WEINBAUMANDM.  F.  MALLETTE  1211 
The trace of o-nitrophenol found at zero time revealed a low activity inherent 
in this strain of E. coli. Since there was no change for at least 30 minutes, the 
appearance of enzyme followed a lag period due perhaps to the mechanism of 
enzyme synthesis or to the presence of the glucose. 
In order to evaluate the effect of the glucose in the absence of appreciable 
nitrogen in the medium, the experiment was rerun without this sugar with the 
results shown in the last column of Table I. The omission of the glucose led to 
o 
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o  o 
e 
o 
t  Synthetic  0 ~-  0  0  0---- 
I/  Nutrient  Broth 
II/-  ,- 
I  I  I  I  I  40  80  120  160  200 
Minutes 
FIG.  1. The effect of the growth medium on the synthesis of fl-galactosidase in 
nitrogen-free systems. The cells were grown from equal inocula in the media indicated 
through two generations,  washed  twice, and suspended at zero time in a  medium 
containing lactose and salts but free of nitrogen. 
two changes. First, the lag period disappeared or was greatly reduced as found 
(23) in studies of diauxie in media containing nitrogen. Second, more enzyme 
was  formed in  the  absence  of glucose.  This  relatively rapid  and  extensive 
synthesis of/3-galactosidase without an external supply of nitrogen suggests 
the  utilization of intracellular nitrogen for enzyme formation. 
Starting with  this  hypothesis, one would expect  that  anything markedly 
altering the internal nitrogen supply or its chemical form ought to alter the 
extent of enzyme synthesis. Hence growth of cells  in different media might 
affect the subsequent formation of/~-galactosidase. The experimental compari- 
son summarized in Fig.  1 involved growth in synthetic, nutrient broth,  and 
hycase media, all quite different in the quantities and types of nitrogen corn- 1212  ENZYME  BIOSYNTHESIS  IN  ESCHEI~ICHIA  COLI 
pounds present.  From the figure  it is quite clear that  the history of the or- 
ganisms  was a controlling  factor in the yield of/3-galactosidase. 
As before,  constancy of turbidity indicated the absence of extensive division 
of cells from both  the synthetic medium and  nutrient  broth.  However, the 
organisms  from  the  hycase  medium  did  change  slowly from  3  X  10  s  to 
4  ×  108  cells/ml.,  apparently  containing  enough  suitable  nitrogen  for this 
limited growth. Along  with this increase  of a  third in the population,  the/3- 
galactosidase activity increased by a  factor of two compared to that formed 
in  cells  from  synthetic  medium.  Thus  the  additional  increment  of  enzyme 
probably  cannot  be  attributed  entirely  to  growth. 
The death of some cells in a culture might possibly liberate enough nitrogen 
to allow enzyme synthesis in the living cells. Turbidity measurements need not 
reveal the death of even a large fraction of the organisms.  Hence, plate counts 
were made to check viability, and the cells were found to withstand incubation 
under  these conditions for periods much in excess  of 3 hours.  Thus,  within 
ordinary  plating  errors,  cell  death  did  not  supply  nitrogen  for  the 
/~-galactosidase. 
Since  commercial  lactose is isolated from milk,  it might  conceivably con- 
tain enough nitrogen to provide for enzyme synthesis. The Merck u.s.P, lactose 
did contain  detectable nitrogen  equivalent  to 0.12  per cent protein.  In  the 
standard media containing 0.8 per cent lactose, this protein content amounts 
to  a  total  of 0.026  mg.  of protein  added  per mg. of cells. As will be shown 
presently, such a  quantity could sutfice for extensive enzyme synthesis, and 
consequently enzyme  induction  was  studied with  smaller  concentrations  of 
lactose. Reduction of the lactose in inducing  media to 0.08 per cent did not 
affect enzyme yields within  experimental  error  though  the  added  nitrogen 
dropped to 0.0026  rag.  of protein per rag.  of cells.  Finally,  the lactose was 
reduced to 0.01 per cent (0.0003 rag. of protein per rag. of ceils), again without 
appreciably affecting  the yield of enzyme. When  twice recrystallized lactose 
containing  0.005 per cent protein was used, the same results were obtained. 
Hence, as will be seen,  the synthesis of fl-galactosidase  involves an order of 
magnitude  more nitrogen  than  is  available  in the last  two media. 
Since traces of enzyme could result from the death of a few cells or minute 
amounts of growth medium not washed out, cells were fully adapted in order 
to allow  comparison with the above special  systems. A comparison of Fig.  1 
with Table II shows that E. coli formed about four times the enzyme when 
fully adapted  with  lactose that  the  organism  formed when  taken  from  the 
hycase medium to a  nitrogen-free  induction system. Such a  high  proportion 
of the total potential enzyme achieved in the absence of added nitrogen can 
only mean that internal nitrogen is being used in the synthesis. It is also worth 
noting  that  several repetitions of these experiments yielded almost identical 
results indicating  that  washing  must have been essentially complete. Other- GEORGE  WEINBAUM AND  M.  Y.  M:ALLETTE  1213 
wise,  different experiments would be somewhat different owing to variations 
in the quantity of nitrogen carried along from the medium. 
Since it was possible that the formation of enzyme in nitrogen-free media 
was a  peculiarity of the tS-galactosidase  system, similar behavior was sought 
and found using D-xylose as the inducer. Little is known of the enzymes formed 
in response to the presence of this sugar, but their over-all activity was readily 
detected by the respiration they allowed with xylose as the sole external energy 
source. 
As shown in Fig. 2, E. coli utilized oxygen for the respiration of endogenous 
material. This rate of uptake was not appreciably affected when xylose was 
TABLE II 
$-Galaaosidase Aainity in Completely Adapted E. ¢oti 
The cells were grown through 1.5 generations in synthetic medium with the glucose 
replaced by 0.8 per cent lactose. The standard concentration of 0.1 per cent NH4CI was 
provided. 
Culture  Optical density* 
1 
2 
3 
4 
S~ 
6~ 
0.36 
0.37 
0.33 
0.31 
0.37 
0.37 
* In assaying the 0-galactosidase, the lysate used corresponded to 1.2 X  10  8 cells instead 
of the usual number to avoid exhausting the substrate. For comparison with the other optical 
density data,  these values should be multiplied by 2.8. 
:~ Cultures 5 and 6 were started with smaller inocula and grown through 3 generations. 
present in only the assay system. Cells washed after growth in hycase medium 
showed an increased oxygen uptake after incubation with xylose in the absence 
of nitrogen. As with t3-galactosidase,  this enzyme formation was an appreciable 
portion of that achieved by the cells under ideal conditions with an adequate 
nitrogen supply. Furthermore, the xylose sample itself contained no detectable 
nitrogen. Therefore, E. coli can form at least two enzyme systems in the absence 
of external nitrogen. 
If an internal pool of amino acids  participates  in  this  enzyme synthesis, 
the over-all size of such a pool might depend upon the medium of growth and 
in this way control the quantity of 13-galactosidase.  Bolton et aL (8)  have, in 
fact, shown a  pronounced dependence of the pool of amino acids on several 
environmental factors. Therefore, 80 per cent ethanol extracts of E. coli grown 
in  nutrient broth,  synthetic, or hycase medium  were  examined  for  amino 
acids to check the effect of the present culture conditions. 1214  ENZYME  BIOSYNTHESIS  IN ESCHERICHIA  COLI 
Chromatography of the  extracts revealed a  number of ninhydrin-positive 
compounds in all three cases. The extract of cells from synthetic medium con- 
tained at least nine distinct components, five of them major. The  color in- 
tensities of these major spots compared with that of 5 to 10 #g. of amino acid. 
Fewer spots appeared on the chromatograms of the extracts of cells from the 
other media although the major components were present in both cases. The 
reduced  number  of  detectable,  soluble  amino  compounds in  cells  grown in 
media containing a  variety of organic nitrogenous materials was unexpected 
since it was shown (8)  that individual additions of amino acids increase the 
pool levels of the  corresponding amino adds.  Perhaps  cells  grown with the 
more complex nitrogen sources contain a  greater variety of internal peptides 
not soluble in 80 per cent ethanol. 
TABLE  III 
Tke Total and gO Per Cent Ethanol-Soluble Nitrogen of Escherichla coli B. 
Values are averages expressed as milligrams of leucine in 10  l° cells. Duplicate experiments 
gave very similar results. 
Cells grown in 
Synthetic medium ............... 
Nutrient broth .................. 
Hycase medium ................. 
Soluble N 
0.060 
0.075 
0.060 
N in whole cells 
2.1 
2.3 
2.6 
Amino N in 
extracts 
0.029 
0.026 
0.025 
Amino N 
Soluble N 
0.47 
0.34 
0.41 
One of the major components of all three extracts co-chromatographed with 
uniformly labelled glycine-C147 Hence,  this  amino acid seems  to  be  an im- 
portant constituent of the nitrogen pool of E. coli.  Based on the relative posi- 
tions  of  glycine  and  two  marker  dyes,  another  of  the  major  components 
chromatographed like serine although a  radioactive sample was not available 
for a radioantographic experiment. The other components were not identified. 
The chromatograms were not convenient for an estimation of the total size 
of the pool. Therefore, nitrogen determinations were run on these same extracts. 
As shown in Table III,  the pools of small nitrogen compounds were rather 
similar in size even though the number of chromatographic components differed. 
Likewise, the extracts contained similar quantities of material reacting as amino 
nitrogen, and the three types of whole cells were similar in their total nitrogen 
contents. 
Most of the amino acids are similar in their behavior in the amino nitrogen 
determination  (22).  Therefore,  the  ratio  of  amino nitrogen to  total  soluble 
nitrogen should approximate unity when the nitrogen occurs  as free amino 
The radioactive glycine was obtained from Dr. R. Flipse, Department of Dairy 
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acids. The low ratios observed (Table IV) suggest that a significant proportion 
of the nitrogen existed in some other form. 
Nucleotides are somewhat soluble in 80 per cent ethanol and chromatograph 
in the solvent systems employed. Nevertheless, examination of the chromato- 
grams with ultraviolet light prior to treatment with ninhydrin revealed nothing 
at  the  expected locations.  Probably nucleotides were present but below the 
limit of detection by this procedure. Hence the extracts must have contained 
peptides as well as free amino acids. Otherwise the ratios of amino nitrogen to 
soluble  nitrogen  in  the  extracts  would  surely  have  been  closer  to  unity. 
TABLE  IV 
O-Galactosidase Activity of E. coli after Induction of Enzyme Syntkesis with Lactose and Xylose 
in Nitrogen-Free Media 
The inductions were carried out in the media described in Table I  and in the legend of 
Fig. 2 using cells that had been grown in hyease medium. Cells were also washed twice be- 
tween the first and second induction periods of 1 hour each at 36°C. No loss of viability was 
observed. 
Inducer  Optical density 
First  Second 
v-Xylose  ........................... 
D-Xylose ........................... 
Lactose ............................ 
Lactose ............................ 
v-Xylose*  .......................... 
Lactose* ........................... 
Lactose 
n-Xylose 
Series I  Series 2 
0.000  0.004 
0.024  0.044 
0.37  0.31 
0.26  0.24 
0.000  0.000 
0.42  0.40 
* These cultures were grown in synthetic medium and  after washing were adapted  in 
synthetic media containing xylose or lactose instead of glucose. They grew half a  generation 
during the incubation period and produced less ~-galactosidase than cells grown longer (see 
Table II). 
Chromatograms of cold trichloroacetic acid extracts of E. coil taken by Roberts, 
Abelson,  Cowie,  Bolton,  and  Britten  (24)  revealed ninhydrin-positive spots 
that did not correspond to the common amino acids,  likewise indicating the 
presence of a pool of peptides. 
Since the pool of soluble nitrogen compounds amounted to about 2.5  to 3.5 
per cent of the total cellular nitrogen, this pool might serve as the reservoir 
for the  synthesis  of some fl-galactosidase.  In  correlating pool size with  the 
quantity  of enzyme formed,  it  was  found first  that  complete hydrolysis of 
0.50 micromole of o-nitrophenyl-fl-D-galactoside in  8.0  ml.  led  to an  optical 
density of 0.30 at 420 nag. The enzyme from 1.0 X  l0  s E. coli adapted to lactose 
as in Table H  resulted in an optical density of 0.30 in 20 minutes in the assay 
system. The measured dry weight of E. coli under these conditions was 3.2 X 1216  ENZYM~  BIOSYNTHESIS  IN  ESCHERICHIA  COLI 
10  ° cells per mg.  Finally, defining a  unit of ~-galactosidase  activity as  that 
amount of enzyme producing the hydrolysis of 1 micromole of o-nitrophenyl- 
fl-D-galactoside per minute per rag. of dry weight gives an activity of 0.8 unit. 
This activity value falls below the range of about 2 units reported by Lovtrup 
(9) and other workers (25, 26) when recalculated on the same basis.  4 
Highly purified fl-galactosidase (11, 27) has a specific activity calculated to 
be  about 320  vmoles per  minute per rag.  dry weight.  Taking  this value as 
that for pure enzyme, fully adapted E. coli cells at the level of 2 units contain 
0.006 mg. of ~-galactosidase per mg. of cells. The value of the soluble internal 
amino  nitrogen from Table III  corresponds to  about  0.0090  mg.  of leucine 
per mg.  of dry cells or to about 0.0080 mg.  of potential protein per mg.  of 
cells.  Thus there is as much amino nitrogen in the ethanol-soluble fraction as 
is  theoretically  required  for  the  formation  of  the  observed  quantity  of 
fl-galactosidase.  Actually  this  proportion  of  available  to  required  nitrogen 
is still greater since the errors made in the assumptions are all in that direction. 
For example, soluble nitrogen in the form of peptides may also be available. 
In addition, incompleteness of purification (11,  27) will have the effect of re- 
ducing the amount of nitrogen actually required in the synthesis. The possi- 
bility of extensive contamination of the purified ~-galactosidase seems  quite 
remote. 
As  already observed, the synthesis of either fl-galactosidase or  the xylose 
enzyme system in nitrogen-free media did not reach the levels obtained when 
nitrogen was  present in  the media. Therefore, the internal pools must have 
been limited in at least one factor. If this factor(s) participated in the forma- 
tion  of  both  systems,  some  interference might  be  expected  when  enzyme 
syntheses were induced by exposure to the carbohydrates in series. Table IV 
summarizes  the  experiments  covering  this  point. 
As  expected, cells adapted  to xylose showed little if any activity toward 
o-nitrophenyl-~-D-galactoside.  Actually  the  values  were  equal  to  or  lower 
than those for normal E.  coli.  Induction by lactose alone occurred as usual, 
and  either  sugar  in  a  medium  containing  nitrogen  produced  the  expected 
response. When induction with xylose in the absence of nitrogen was followed 
by lactose, only a small amount of fl-galactosidase was detected. In the reverse 
experiment, the ~-galactosidase  formed in response to  the  lactose induction 
was present even after later exposure to xylose. The small reduction in activity 
4  This difference is attributed to differences in the concentration of substrate used 
in the assay for ~-galactosidase. The level used herein was 1.25 X 10  --~ •  and was not 
enough to saturate the enzyme since an increase to 2.5  X  10  °4 ~  increased  the ob- 
served activity by 40 per cent. Concentrations used by others were 5  X  10-  4 M (9) 
and 2.7  X  10-sM  (10, 27) and would be expected to increase the rates still further. 
It is probable that the fully adapted cells of Table II possessed activities comparable 
to those studied by other workers. GEORGE WEINBAUM AND M.  F.  MALLETTE  1217 
may have been due  either  to  some instability  of fl-galactosidase during  the 
second induction or more probably to mechanical loss of ceils since the second 
induction  involves  two  more  washings. 
The  cultures  adapted  to  xylose  in  the  presence  of  nitrogen  gave oxygen 
consumption values falling on the upper curve of Fig. 2 when respiring xylose. 
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FIG. 2.  The respiration of xylose by cells from various media. The cells were grown 
in hycase medium, washed twice,  and incubated  I  hour at 36°C.  in  the  following 
media: upper curve, synthetic medium with D-xylose instead of glucose; middle curve, 
the same except that the nitrogen was omitted; lower curve, the same as the middle 
curve except that xylose was omitted from the assay, or that unadapted  cells were 
assayed with xylose.  All assay systems were free of nitrogen. 
The two systems adapted to lactose alone took up oxygen at rates somewhat 
below those of the endogenous controls. All three nitrogen-free systems exposed 
to xylose gave uptakes on the middle curve of Fig. 2 regardless of exposure to 
lactose. 
These findings  indicate  that  in  the  absence of external  nitrogen  induction 
with xylose hinders the subsequent induction with lactose. However, induction 
with  lactose  did  not prevent  induction  with  xylose. This  is probably not  a 
diauxic  phenomenon  (23)  because  d  the  thorough  washing  involved,  and 
because as Monod states (26) xylose and lactose are not diauxic carbohydrates. 1218  ENZY~E  BIOSYNTHESIS IN ESCHERICHIA COLI 
Presumably some component of  the  nitrogenous pool or some intermediate 
must be common to the syntheses of both enzymes and be most essential to 
the formation of/~-galactosidase. 
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